1/1 ^-v^' 



PATENT ABSTRACTS OF JAPAN 



(ll)Publicatjon number : 2000-133464 
(43)Date of publication of application : 12.05.2000 



i 

(51)lntCL 


H05B 33/26 
H05B 33/12 
H05B 33/14 




(21) Application number : 10-304906 


(71) Applicant : 


TOYOTA CENTRAL RES & DEV LAB INC 


(22)Date of filing : 27.10.1 998 


(72)lnventor : 


SUZUKI MOTOFUMI 




OZAWA TAKAHIRO 






FUJIKAWA HISAYOSHI 






MIURA ATSUSHI 






TAGA YASUNORI 



m 

CO 



(54) ORGANIC ELECTROLUMINESCENT ELEMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic EL element having high 
luminous characteristics, good durability and excellent in actual usage. 
SOLUTION: In an organic EL element having an anode 30, a cathode 22 and an 
organic layers 24 comprising one or plural layers sandwiched between them, a 
transparent electrode or a metal electrode with large work function such as ITO 
and AU| for example, is used for the anode 30, and an (n) type semiconductor 
material which has a large gap, is transparent in a visible light region and has a 
small work function is used for the cathode 22. In the band gap of the 
semiconductor material used for the cathode 22 is not less than 3.0 eV, it is 
transparent in the visible light region and can be used for the transparent 
electrode. In addition, if the semiconductor material has almost the same level of 
electron affinity as electron affinity of the adjacent organic layer 24, an energy 
spike of the cathode 22 on the boundary surface between the cathode and the 
organic layer 24 can be made small. If the work function of the semiconductor 
material is smaller than the work function of the adjacent organic layer 24, an 
energy barrier is prevented from being formed between the organic layer 24 and 
the cathode 22. Semiconductor or GaN compound is suitable for the (n) type 
semiconductor material. 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Organic electrolimiinescence devices which are the organic electroluminescence devices 
which consist of an anode plate and cathode, and an organic compoimd layer (one layer or two or more 
layers) pinched by these, and are characterized by using the large metal or large transparent electrode of 
a work function, and a band gap being greatly transparent in a light field as said cathode, and using the 
semiconductor material of small n mold of a work fimction as said anode plate. 

[Claim 2] Said semiconductor materials are organic electroluminescence devices to which a band gap is 
3.0eV or more in organic electroluminescence devices according to claim 1, and it is a value comparable 
as the electron affinity of the organic layer which an electron affinity adjoins, and a work function is 
characterized by being smaller than the work function of the adjoining organic layer when it is made n 
mold by doping. 

[Claim 3] Organic electroluminescence devices characterized by having further the thin film transistor 
using said some of semiconductor materials which constitute said cathode as an active layer in organic 
electroluminescence devices according to claim 1 or 2, and controlling luminescence witii a component 
by this thin film transistor. 

[Claim 4] It has a color conversion layer for considering as the color of a request of the luminescence 
light injected out of a component further in the organic electroluminescence devices of any one 
pubUcation of claim 1 - claim 3. This color conversion layer It is constituted by said semiconductor 
material with which said cathode formed using said semiconductor material was formed apart fi-om said 
cathode in part at least. Organic electroluminescence devices characterized by adjusting a presentation to 
this semiconductor material according to a conversion color, or adding the impurity of predetermined 
concentration according to a conversion color. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the organic electroluminescence devices (henceforth an 
organic EL device) using an organic compoimd. 

[0002] 

[Description of the Prior Art] In recent years, with the advance of an information society, rather than the 
conventional CRT, it is a low power and the needs for a thin display are increasing. There are a liquid 
crystal display and a plasma display as such a display, and it is aheady put in practical use. However, the 
needs of a time are developed fUrther and low-power-izing and clear full color-ization are desired 
further. 

[0003] Recently, the expectation for the organic EL device using an organic compound is growing 
against the backgroimd of those needs. As structure of a component reported until now, it has the 
structure where the organic compound layer (one layer or two or more layers) was pinched between an 
anode plate and cathode, and there is two-layer structure or a three-tiered structure as an organic 
compound layer. 

[0004] There is structure (USP No. 5, 085947, JP,2-250952,A, Appl.Phys.Lett.55. P1489 (1989)) where 
the limiinous layer and the electronic transporting bed were formed as an example of two-layer structure 
between the structure (JP,59-194393,A, Appl.Phys.Lett.51,913 (1987)) or the anode plate where the 
electron hole transporting bed and the luminous layer were formed between an anode plate and cathode, 
and cathode. Moreover, as an example of a three-tiered structure, there is structure 
(Appl.Phys.Lett.57,531 (1990)) where the electron hole transporting bed, the Ivuninous layer, and the 
electronic transporting bed were formed between an anode plate and cathode. Moreover, the monolayer 
structure (Nature, 347,539 (1990), AppLPhys.Lett.61,761 (1992)) which gave all the roles to the 
monolayer is also reported by a macromolecule and mixed stock. 

[0005] Drawing 8 shows the configuration of the organic EL device generally known. This component 
is equipped with the two-layer structure where the luminous layer 16 which is an organic compoimd 
layer, and the electron hole transporting bed 14 were formed between the anode plates 12 and cathode 
18 which were prepared on the transparence substrates 10, such as glass, so that it may illustrate. The 
limiinous layer 16 in this case has also achieved the function of an electronic transporting bed. 
[0006] The Imninescence mechanism in these organic EL devices emits the fluorescence of an organic 
compoimd, and the light of the same wavelength, when the electron hole poiu-ed in from the anode plate 
12 and the electron poured in from cathode 18 reach a luminous layer 16 through the electron hole 
transporting bed 14 or an electronic transporting bed, and makes the excitation state of the organic 
compound which constitutes a luminous layer 16 by recombining there and the excitation state returns to 
a ground state. 

[0007] The organic compound used as a charge of luminous layer lumber is an ingredient in which 
strong fluorescence is shown. As an usable ingredient, organic compounds various until now are 
reported to the above-mentioned electron hole transporting bed 14, the luminous layer 16, and the 
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electronic transporting bed. 

[0008] For example, aromatic series tertiary amine is reported as an ingredient of an electron hole 
transporting bed. As an ingredient of a luminous layer 16, the aluminum tris oxine (JP,59-194393,A, 
JP,63-295695,A) expressed with the following chemical formulas, and a styryl amine derivative and a 
styryl benzene derivative (IP,2-209988,A) are reported. Moreover, the OKISA diazole derivative etc. is 
reported as an ingredient of an electronic transporting bed (63 Appl.Phys.Lett. 2032 (1993)). 
[0009] Furthermore, there are a compoimd of not only the compound of these low molecular weight but 
the amount of giant molecules or many examples of a report, and the property especially with the Fori 
(P-phenylenevinylene) system derivative (Nature, 347,539 (1990)) good also with the component of 
monolayer structure is acquired. 

[0010] As an electrode for on the other hand pouring an electron and an electron hole into these organic 
substance' efficiently, metals, such as small Mg of a work function and calcium, or the alloy which 
makes them a principal component is used for cathode 18, and general ITO (Indium Tin Oxide) as a 
transparent electrode is used for the anode plate 12. 

[001 1] And the organic EL device which used these ingredients is seen from the luminescent color and 
brightness, and the engine performance of enough as a light emitting device is in practical use level. 
[0012] 

[Problem(s) to be Solved by the Invention] However, these organic EL devices have hot yet resulted in 
practical use. The greatest cause is in the endurance of a component being scarce. 
[0013] They are several 1000 cd/m2 in first stage by adopting various component structures and organic 
compounds until now. Although high brightness consists of about direct-current-voltage lOV, by 
continuation actuation or the mothball, degradation of properties, such as lowering of brightness and 
lifting of driver voltage, took place, and this has barred utilization of an organic EL device. 
[0014] The problem of the injection efficiency of the electron in an electrode interface and an electron 
hole is raised to one of the important factors which determines the life of a component. In an electrode 
interface, if the injection efficiency of an electron and an electron hole is bad, the power which drives a 
component will go up, as a result degradation of a component will be caused. Furttiermore, improvement 
in the injection efficiency of the electron in an electrode interface and an electron hole is desired also 
from a viewpoint of power consumption. 

[0015] The energy level of the typical ingredient which constitutes an organic EL device in dravsdng 9 
was shown. When the laminating of these ingredients is carried out, it is thought that an electronic state 
as shown in drawing 10 is taken. In this case, the obstruction of energy over an electron exists by the 
interface of Cathode Mg and a luminous layer (aluminum quinolinol complex Alq3). Similarly, the 
energy barrier over an electron hole exists also in the interface of an anode plate and an electron hole 
transporting bed. Such existence of an obstruction is not desirable in order to reduce the injection 
efficiency of an electron or an electron hole. 

[0016] Generally, in order to pour an electron and an electron hole into the aforementioned organic 
material efficiently, it is necessary to abolish the energy barrier in an interface, and, for that purpose, the 
small ingredient of a work fimction is used for cathode, and if the big ingredient of a work fianction is 
used for an anode plate, it is supposed that it is good. 

[0017] It is desirable for the work function of the transparent electrode ITO of cathode and an anode 
plate conventionally used although it is necessary to make either into a transparent electrode at least to 
be large, and to use for an anode plate with an organic EL device, here. It is necessary to use the small 
metal of a work fimction for cathode inevitably. Although there are alkali metal, such as Li, Na, Mg, and 
calcium, and alkaline earth metal in the small metal of a work fimction, since these are very activity 
metals, they are the cause of reducing the endurance of a component. Moreover, when it thinks as a 
cathode material, the work fimction cannot say that it is not necessarily sufficiently small, either. On the 
other hand, the work fimction of ITO used for an anode material cannot say that it is so large enough 
that an obstruction is not made from an interface with an electron hole transport ingredient, either. 
Therefore, for improvement in the effectiveness of a component, and endurance, development of a new 
electrode material is important. 
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[0018] Using a diamond is indicated by USP NO.5349209 as a cathode material (electronic injection 
layer). However, a diamond has the problem that electric resistance is too large, in order it is difficult to 
make it a good n-type semiconductor and to use for a cathode material etc. Moreover, since the electron 
affinity of a diamond is very small, a big energy spike cannot arise in an interface with an organic layer, 
and an electron caimot be efficiently poured into it. 

[0019] Moreover, the example in which one side [ at least ] inserted the carrier impregnation layer of an 
inorganic semi-conductor layer in JP, 1-3 12874, A and JP,2- 196475, A between transparence or the 
electrode layer of translucency is indicated. However, in these examples, since the translucency of the 
semi-conductor to be used is not sufficiently high, luminescence will be absorbed in a semi-conductor 
layer and reduces effectiveness. Furthermore, the electronic state in an organic layer and a semi- 
conductor layer interface is not taken into consideration, but there are an energy barrier over the carrier 
in an interface and a problem that the injection efficiency of a carrier does not necessarily improve by 
existence of a notch. 

[0020] Moreover, when the display of the image using these organic EL devices is considered, in order 
to give only the engine performance in which the liquid crystal display component which progressed 
highly can be opposed, the active driving method and multiple-color-izing which used the thin film 
transistor (TFT) are indispensable. However, since the organic substance used for a luminous layer etc. 
is weak with moisture, the plasma, heat, etc., it has also been a problem that a remarkable lindt is 
imposed on application of the conventional semi-conductor ultra-fine processing technology. 
[0021] This invention aims at offering the technique which solves the problem in these organic EL 
devices, and makes realizable manufacture of the display using this organic EL device etc. 
[0022] 

[Means for Solving the Problem] In order to attain the above-mentioned object, this invention has the 
following descriptions. 

[0023] First, this invention is organic electroluminescence devices which consist of an anode plate and 
cathode, and an organic compound layer (one layer or two or more layers) pinched by these, and the 
large metal or large transparent electrode of a work function is used as an anode plate. On the other 
hand, as cathode, a band gap is greatly transparent in a light field, and is characterized by using the 
semiconductor material of small n mold of a work function. 

[0024] A n-type semiconductor transparent in a light field can be used as a transparent electrode, and 
compared with alkali metal, alkaline earth metal, etc. which were further used as cathode 
conventionally, since it is chemically stable, it can control the corrosion of an electrode, and property 
degradation of the component by oxidation etc., and it becomes possible to raise a component Ufe of it. 
[0025] Moreover, since it becomes imnecessary to not necessarily make an anode plate transparent when 
the above semi-conductors are used for cathode, a metal wdth a more big work function can be used. The 
metals with a bigger work function than ITO used for the anode plate with the conventional component 
are nickel, Pd, Ir, Pt, Au, etc., there is much stable matter chemically and the width of face of ingredient 
selection spreads. Therefore, since any electrode of an anode plate and cathode is chemically stable in 
the organic electrolimiinescence devices of this invention compared with the conventional component 
which used alkaline earth metal for cathode and used ITO for the anode plate, the very high component 
of endurance can be offered. 

[0026] Furthermore, in the organic electroluminescence devices of this invention, when doped by the 
semiconductor material used as the above-mentioned cathode at n mold, the work function is sufficiently 
small. Therefore, compared with the conventional component, it is small in the work function of 
cathode, the work function of an anode plate can be enlarged, an electrode and the energy barrier over 
the electron and electron hole in an interface of an organic layer can be abolished, and an electron and an 
electron hole can be injected into an organic layer very efficiently. Therefore, as a property of a 
component, the thing with high brightness for which an efficient property is acquired becomes possible 
by the low battery. 

[0027] Moreover, other descriptions of this invention are values with the above-mentioned 
semiconductor material comparable as the electron affinity of the organic layer which a band gap is 
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3.0eV or more, and an electron affinity adjoins, and when they are used as n mold by doping, they are 
that a work function is smaller than the work function of the adjoining organic layer. 
[0028] Thus, if the band gap of the semiconductor material used as cathode is B.OeV or more, it will 
become it is almost transparent in a light field, and possible to use as a transparent electrode. Moreover, 
if it is an electron affinity comparable as the electron affinity of the adjoining organic layer, the spike of 
the energy in an interface with the organic layer of this cathode can be made small. Furthermore, if the 
work fimction of a semiconductor material is smaller than the work fimction of the adjoining organic 
layer, it can prevent that an energy barrier will be formed between an organic layer and cathode. 
Therefore, it becomes possible to obtain the component which luminescence brightness was efficiently 
high by the low battery since it was able to pour into an organic layer, and whose endurance was high, 
and was excellent in practicability in the electron and the electron hole by using such a semiconductor 
material as cathode. 

[0029] Although compound semiconductors, such as a GaN system, an AIN system, a ZnO system, and 
a ZnS system, etc. are applicable as such a semiconductor material, for example, especially the GaN 
system compound semiconductor is chemically [ can produce n mold comparatively easily, and have an 
electron afFmity comparable as the electron affinity of the organic substance generally used, and ] stable, 
and since ultra-fine processing technology is established, it is suitable as cathode of organic 
electroluminescence. 

[0030] Other descriptions of this invention are having the thin film transistor using said some of 
semiconductor materials which constitute said cathode as an active layer, and controlling luminescence 
with a component by this thin film transistor in above-mentioned organic electroluminescence devices. 
[003 1] Since the current which flows into an organic layer is controllable by this thin film transistor, two 
or more organic electroluminescence devices are formed on a substrate, it is easy to make each 
component emit light selectively, and it can consider as the high display of display quality. Moreover, 
since the active layer of this thin film transistor can be made to use also [ cathode / which consists of the 
above semiconductor materials / component ], the increment in the production process by making a thin 
film transistor for each component can be suppressed to the minimum. Moreover, if the anode plate of 
an organic layer or cathode, and a thin film transistor are formed with a different ingredient, the contact 
resistance in the connection of a component electrode material and a thin film transistor will be added, 
and the current passed to the possession-in-portions machine electroluminescence devices will decrease. 
However, if the active layer of a thin film transistor and the cathode of organic electroluminescence 
devices are made to make it serve a double purpose like this invention, it will become possible to 
produce a dramatically efficient component. 

[0032] Still more nearly another description of this invention is equipped with a color conversion layer 
for above-mentioned organic electroluminescence devices to consider as the color of a request of the 
luminescence light injected out of a component. It is that this color conversion layer is constituted by 
said semiconductor material with which said cathode formed using said semiconductor material was 
formed apart fi-om this cathode in part at least, and a presentation is adjusted to this semiconductor 
material according to a conversion color, or the impurity of predetermined concentration is added 
according to a conversion color. 

[0033] There was a trouble that fluorescence intensity will fall if aging of fluorescence quantum 
efficiency is large when the binder which consists of a fluorochrome or a fluorescent pigment, resin, etc. 
is used, and a long duration activity is carried out, a color conversion layer deteriorated as a color 
conversion layer like before in the problem that the luminescent color will also change, and the process 
which forms the other layers of organic electroluminescence devices, and fluorescence effectiveness 
tends to fall. However, or it is equal to the semiconductor material which constitutes cathode in general, 
in order to form a color conversion layer with the same ingredient, the optical transfer characteristic in 
which the color conversion layer which consists of such a semiconductor material carried out long 
duration stability is demonstrated. For example, when the semiconductor material of organic 
electroluminescence devices is a GaN system semi-conductor, for example, an InGaN system semi- 
conductor can be applied as a color conversion layer. Even if luminous efficiency carries out the long 
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duration activity of such an ingredient highly, there is abnost no lowering of a property. Moreover, 
while various luminescent color is realizable by controlling a presentation and also micro processing 
becomes producible [ an easy and high definition multicolor Ught emitting device ], since it is a stable 
ingredient, there is also no property lowering in an after process. Moreover, since using also as some 
cathode materials is possible, a color conversion layer can be formed directly vmder an organic layer 
(electronic transporting bed), for example, a luminous layer, and luminescence by the luminous layer 
can be changed efficiently. 
[0034] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of suitable 
implementation of this invention is explained using a drawing. 

[0035] [Operation gestalt 1] drawing 1 shows the configuration of the organic EL device concerning this 
operation gestalt 1. In an organic EL device, in order to pour in an electron and an electron hole 
efficiently to the organic layer 24 pinched between cathode 22 and an anode plate 30, it is necessary to 
use the small cathode 22 of a work fimction, and the big anode plate 30 of a work fimction. 
Conventionally, as mentioned above, although there was a fixed viewpoint which uses cathode as a 
metal and uses an anode plate as a transparent electrode, on the other hand with this operation gestalt 1, 
the band gap uses the large metallic material of a work fimction as an anode plate 30 as cathode 22 using 
the n-type-semiconductor ingredient large and transparent in a light field. 

[0036] As a semi-conductor which can be used for cathode 22 like this operation gestalt 1, there are a 
GaN system compoimd semiconductor, an AIN system compound semiconductor, a ZnO system 
compound semiconductor, a ZnS system compound semiconductor, etc. These semiconductor materials 
have a large band gap, an electron affinity is small, and when Si etc. is doped and it is made n mold, 
compared with alkali metal or alkaline earth metal, the work fimction is equivalent or becomes smaller 
than it. Moreover, it is also possible to make electric resistance sufficiently small. If a band gap is 
fiirthermore 3eV or more, since it is almost transparent, in a light field, it can use as a transparent 
electrode. Moreover, since it is chemically stable compared with alkali metal or alkaline earth metal, 
such a semi-conductor can control the corrosion of an electrode, and degradation of the component by 
oxidation. 

[0037] In order to make small the energy spike in an interface with the organic layer 24 (this operation 
gestalt 1 organic luminous layer 26) which adjoins cathode 22 here, it is desirable for the difference of 
the semi-conductor which is cathode 22, and the electron affinity of an organic layer 24 to be small. If 
such conditions are taken into consideration, a gallium nitride (GaN) system compoimd semiconductor 
(InxGayAll-x-yN:0 <=x <=1, 0<=y<=l, 0 <=x+y<=l) is suitable as cathode 22. This GaN system 
compound semiconductor can produce n mold comparatively easily, and has an electron affinity 
comparable as the electron affinity of the organic substance generally used for a luminous layer etc., and 
is because it is chemically stable. Furthermore, ultra-fine processing technology is established and this 
GaN system compound semiconductor is the most desirable as cathode 22 of an organic EL device also 
from this point. 

[0038] When the above semi-conductors are used for cathode 22, the big metal of a work fimction can 
be used for an anode plate 30. The metal with a larger work fimction than ITO used for the anode plate 
with the conventional component has nickel, Pd, Ir, Pt, Au, etc., and there is much stable matter 
chemically. Therefore, compared with the conventional component which used alkaline earth metal for 
cathode and used ITO for the anode plate, the component of any electrode of cathode and an anode plate 
shown with this operation gestalt 1 is chemically stable, and can make endurance very high. However, 
ITO may be used as an anode plate 30, a completely transparent organic EL device can be constituted in 
this case, and Ught can be taken out also from an anode plate side. 

[0039] Moreover, not only endurance but the lununous efficiency of the organic EL device concerning 
this operation gestalt 1 itself improves. For example, when a GaN system semi-conductor is used for 
cathode 22 and the triphenylamine tetramer TPTE is used for an anode plate 30 as Au and a luminous 
layer 26 as the aluminum quinolinol complex Alq3 and an electron hole transporting bed 28, drawing 2 
shows the energy level in case each class is isolated. Since a component is constituted, the energy level 
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at the time of carrying out the laminating of these layers is shown in drawing 3 . 
[0040] the case where the electron affinity of GaN is 2.7eV and it is made n mold as first shown in 
drawing 2 — a work function — this value ~ almost — until comparable — it becomes small. On the other 
hand, the work function of Au of an anode plate 30 is S.leV. Compared with the electrode used for the 
conventional component, the work function of cathode 22 is small, and since the work function of an 
anode plate 30 is large, an electrode and the energy barrier over the electron or electron hole in an 
interface of an organic layer do not exist so that he can understand from the comparison with drawing 9 
and drawing 3 . For this reason, an electron and an electron hole can be injected into an organic layer 
very efficiently. Therefore, it becomes possible by impressing a low battery between an anode plate 30 
and cathode 22 to realize the organic EL device of an efficient luminescence property with high 
brightness. 
[0041] 

[Example 1] One examples, such as manufacture conditions of the organic EL device concerning this 
operation gestalt 1 shown below at drawing 1 , are shown. 

[0042] (1) The GaN membrane formation GaN was manufactured with the vapor growth by metal- 
organic chemical vapor deposition (it is described as "MO VPE Metal Organic Vapor Phase Epitaxy" 
below). The used gas Ammonia (NH3), GYARIAGASU (H2), Trimethylgallium (Ga3 (CH3)) (it is 
described as "TMG" below), Trimethylaluminum (aluminums (CH3)) (it is described as "TMA" below), 
Trimethylindium (In3 (CH3)) (it is described as "TMI" below). They are a silane (SiH4), diethylzinc 
(Zn2 (C2H5)) (it is hereafter described as "DEZ"), magnesium cyclopentadienyl (Mg2 (C5H5)) (it is 
described as "CP2Mg" below), an arsine (AsH3), and dimethyl zinc (it is described as "DMZ" below). 
[0043] First, organic washing and heat treatment washed the a-th page of the single crystal silicon on 
sapphire which is a substrate 20, and the susceptor laid in the reaction chamber of MOVPE equipment 
was eqmpped with silicon on sapphire 20 by making this a-th page into a principal plane. Next, it is H2 
at ordinary pressure. Silicon on sapphire 20 was baked at the temperature of 1 100 degrees C with the 
sink to the reaction chamber for about 30 minutes by part for 2L/of the rates of flow. Next, temperature 
is held at 1 150 degrees C and it is H2. 201. a part for /and NH3 It is 101. a part for /and TMG A part for 
1.7x10 -four-mol/, and H2 The silane diluted by 0.86 ppm by gas was introduced by part for 20x10 - 
eight-mol/, and the cathode 22 for organic electroluminescence which consists of about 2.0 micrometers 
of thickness and the n mold GaN of a silicon (Si) dope was produced. 

[0044] (2) The organic luminous layer 26 was formed on the cathode (GaN) 22 produced by the 
approach of the membrane formation above of an organic electroluminescence layer and an electrode 
layer. About 600A (Alq3) of aluminimi quinolinol complexes was formed with the vacuum deposition 
method the condition for degree of vacuum abbreviation 2xlO-7Torr and evaporation rate/of about 30A, 
and, specifically, this was made into the organic liuninous layer 26. Moreover, about 600A (TPTE) of 
triphenylamine tetramers was formed on a luminous layer 26 and these conditions, and this was made 
into the organic electron hole transporting bed 28. 

[0045] The anode plate 30 was formed by forming about lOOOA of Au(s) by part for degree of vacuimi 
lxlO-6Torr and evaporation rate/of about 15 OA. 

[0046] The magnitude per piece of the organic EL device obtained as mentioned above is 3mmx3mm, 
and was produced on [ six ] the 25mmx 35mm substrate 20. 

[0047] As an example 1 of a comparison, 1500A of ITO(s) was formed by the RF magnetron sputtering 
method on the glass substrate, and it considered as the anode plate 30, and after vapor-depositing an 
electron hole transporting bed and 600 A of luminous layers at a time by the same approach as the above 
on it, vacuum deposition of the MgAg electrode was carried out, and the organic EL device for a 
comparison was produced. 

[0048] As an example 2 of a comparison, 1500A of ITO(s) was formed by the RF magnetron sputtering 
method on the glass substrate, and it considered as the anode plate 30, and after vapor-depositing an 
electron hole transporting bed and 600A of luminous layers at a time by the same approach as the above 
on it, 5 A of LiF(s) was vapor-deposited, 1500A vacuum deposition of the aluminum electrode was 
carried out on it, and the organic EL device for a comparison was produced. 
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[0049] (3) characterization — negative direct current voltage was impressed to each anode plate side of 
the organic EL device (an example 1, the example 1 of a comparison, example 2 of a comparison) 
produced as mentioned above at the forward and cathode side, and luminescence from a substrate side 
was observed. In addition, in the organic EL device concerning this operation gestalt 1, a laminated 
structure is contrary to the conventional component. That is, as for the substrate side which a metal 
electrode is an anode plate 30 and is observed, in the example 1, the substrate side which a metal 
electrode is cathode 22 and is observed means an anode plate side with the organic EL device of the 
examples 1 and 2 of a comparison to becoming a cathode side. 

[0050] Drawing 4 shows the luminescence property of the organic EL device concerning an example 1, 
and the organic EL device of the examples 1 and 2 of a comparison. An axis of abscissa is an electrical 
potential difference impressed to inter-electrode, and an axis of ordinate is the limiinescence 
reinforcement measured with the photomultipUer tube. With the component of the MgAg-ITO system of 
the example 1 of a comparison, Ixmiinescence starting potential is [ luminescence starting potential ] 
about L7V in the component of the LiF/alxmiinum-ITO system of about 2.0V and the example 2 of a 
comparison. With the component using the electrode of the GaN-Au system of the example 1 
concerning this invention, it turns out to these that Ixuninescence starting potential falls substantially to 
about 1.2V, and luminous efficiency is improved substantially. 

[0051] The organic EL device conceming the [operation gestalt 2] book operation gestalt 2 contains the 
thin film transistor (TFT) like the above-mentioned operation gestalt 1 as a switching element by which 
the organic EL device using the n-type-semiconductor ingredient (for example, GaN system) as cathode 
controls luminescence with each component. 

[0052] Drawing 5 shows the configuration of the organic EL device conceming such this operation 
gestalt 2. 

[0053] The n-type-semiconductor ingredient used as cathode 32 of an organic EL device, for example, a 
GaN system semiconductor material, does not necessarily need to be a single crystal, and property 
sufficient also with polycrystal is acquired. For this reason, TFT can be constituted using GaN as a 
transistor active layer, and alternative actuation of an organic EL device is attained by building in such 
TFT. 

[0054] In this operation gestalt 2, like the above-mentioned operation gestalt 1, semiconductor materials, 
such as GaN, are used as cathode 32, and the organic layer 24 of multilayer stmcture (good also at a 
monolayer) is formed between this cathode 32 and the big anode plate 30 of a work fimction by the 
organic electroluminescence section formed on the transparence substrates 20, such as glass and 
sapphire. 

[0055] The TFT section of a component is equipped with the wiring layer 34 formed between the active 
layer (TFT active-layer combination cathode: semi-conductor layer), and the gate electrode 36 formed 
on this active layer (cathode 32), and an active layer (cathode 32) and the transparence substrate 20. 
Here, the good ingredient of aluminum of ohmic nature with the n mold GaN (cathode 32) which is an 
active layer is [ the metallic material used for a wiring layer 34 ] desirable, a wiring layer and 34 part - 
a pile - on the GaN layer (cathode 32) which formed membranes like, thin films, such as big Au of a 
work fimction and nickel, are formed, and this makes the shot key gate electrode 36 of the TFT section. 
The current which flows into an organic layer 24 is controlled by the electrical potential difference 
impressed to this shot key gate electrode 36. Moreover, of the suitable insulating layer 38, the organic 
layer 24 is formed so that it may not contact a wiring layer, a gate electrode, etc. and directly, and the 
anode plate 30 is formed on it. 

[0056] In the organic EL device, the display which performs active-matrix actuation by TFT is proposed 
until now (JP,10-189252,A, JP,10-161563,A). Compared with simple actuation, the highly minute 
display of these techniques was attained, and although there was the description which was [ reduce / 
driver voltage ] excellent, there were the following problems. 

[0057] That is, in these conventional techniques, as an active layer of TFT, the silicon of the shape of the 
shape of amorphous and polycrystal is used, and the gate part which controls the current impregnation to 
a limiinous layer has taken the so-called MOS (Metal-Oxide-Semiconductor) structure of the three-tiered 
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structure of gate electrode-gate oxide-silicon, (i) It is difficult to control the luminescence condition of 
each pixel by such multilayer structure to homogeneity, when there is a property in which a property 
changes greatly with thickness of gate oxide and it considers as a display, while component production 
complicated [ a manufacture process ] and efficient is difficult, (ii) Although it is necessary to pass more 
currents in order to make an organic EL device emit light more brightly again, the electronic transition 
of amorphous or polycrystalline silicon is as small as several 10cm2 / V/s extent at most. For this 
reason, electric resistance was large, and by being formed with the ingredient with which the anode plate 
of an organic electroluminescence layer or cathode differs fi-om TFT, the contact resistance in the 
connection of an electrode material and TFT was added, and the current value passed to an organic EL 
device was not able to be made high, (iii) Since the band gap of siUcon was still as smaller as 1.2eV, 
there was also a problem that the property change of TFT by temperature was large. 
[0058] On the other hand, the gate part of TFT is the so-called MES (MEtal-Semiconductor) structure 
which consists only of two-layer [ of a gate electrode-GaN layer ], and can produce the TFT built-in 
organic EL device which used the cathode (GaN) of an organic EL device also [ active layer / of TFT ] 
like this operation gestalt 2 in a simple manufacture process. Moreover, uniform component formation is 
possible and imiform luminescence is attained over the whole surface of a display. Moreover, more than 
800cm2 / V/s, even if it is polycrystal-like, it is larger than the silicon of more than 200cm2 / V/s, and 
polycrystal, and the electron mobility of GaN is amorphous or having formed cathode 32 and the active 
layer of TFT using the same GaN in a single crystal, and there is no contact resistance of both. 
Therefore, electric resistance becomes small substantially conventionally, with the organic EL device of 
the same size, a bigger current can be passed and high brightness-ization of an organic EL device is 
attained. Moreover, there is the description that a GaN system compound semiconductor has a small 
change of the property a band gap is as large as 3.4eV, and according to temperature. 
[0059] Moreover, as compared with the case where silicon TFT like before is used, brightness of the 
organic EL device using such GaN-TFT improves about 20%, and dispersion, such as brightness of each 
pixel, is also reduced within about 3 conventional% to 1%. 
[0060] 

[Example 2] One examples, such as manufacture conditions of the TFT built-in organic EL device 
concerning this operation gestalt 2 shown below at drawing 5 , are shown. 

[0061] On the glass substrate 20, with the vacuimi deposition method, alumimrai was vapor-deposited 1 
micrometer of thickness, patterning and wet etching by photolithography were performed, and the 
wiring layer 34 was formed. 

[0062] Next, substrate temperature is held at 500 degrees C, and it is H2. 201. a part for /and NH3 A part 
for 1017, It is TMG A part for 1 .7x10 -four-mol/, and H2 The silane diluted by 0.86 ppm by gas was 
introduced by part for 20x10 -eight-mol/, about 2.0 micrometers of thickness and the polycrystal n mold 
GaN of a silicon (Si) dope were formed, and this produced the cathode 32 of the organic 
electrolimiinescence section. After considering as the pattern of a request of this cathode 32 by reactive 
ion etching, the gate electrode 36 was produced by forming the bilayer film of Au/nickel and carrying 
out patterning to a predetermined configuration by sputtering, on this cathode 32. 
[0063] furthermore, these wiring layers 34, cathode (GaN) 32, and the gate electrode 36 - a wrap - like 
~ sputtering — Si02 of 1 micrometer of thickness fi-om ~ the becoming insulating layer 38 was formed. 
Then, opening of the part which forms a luminescence field was carried out by reactive ion etching. 
[0064] Next, it is Alq3 at evaporation rate the conditions for /of about 30A by the vacuum deposition 
method. About 600A was formed and this obtained the organic luminous layer. On this organic 
limiinous layer, about 600A of TPTE(s) was formed on a luminous layer and these conditions, and the 
organic electron hole transporting bed was obtained. Finally, about lOOOA of Au(s) was formed by part 
for evaporation rate/of about 150A as an anode plate 30. 

[0065] When the forward direct-current constant voltage was impressed to the wiring layer 34 of the 
organic EL device obtained as mentioned above in negative and an anode plate 30 and the electrical 
potential difference for negative control was fiirther impressed to the gate electrode 36 of TFT, it was 
checked that the luminescence reinforcement in the organic electrolimiinescence section is controllable. 
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[0066] In order to use the organic EL device concerning the [operation gestalt 3] book operation gestalt 
3 for the color display which changed the light from a luminous layer into different wavelength, and 
enabled multicolor luminescence, it is equipped with a color conversion layer. And the GaN system 
compound semiconductor ingredient used as cathode of an organic EL device in the above-mentioned 
operation gestalten 1 and 2 is used also as an ingredient of this color conversion layer. 
[0067] A GaN system compoimd semiconductor can be shifted to a long wavelength side by adding In 
for this wavelength to GaN, although a band gap is the ingredient in which those with 3.4eV and blue 
photoluminescence are shown. For example, the object which doped Zn and Si as an impurity to 
In0.43Ga0.57N shows green photoluminescence. Moreover, the object which doped Zn and Si as an 
impurity to InO.87GaO.13N shows red photoluminescence. 

[0068] Drawing 6 shows an example of the outline configuration of the organic EL device concerning 
this operation gestalt 3. In addition, if a color conversion layer is removed, the organic EL device of 
drawing 6 is the same as that of the configuration of the TFT built-in organic EL device (operation 
gestalt 2) shown in drawing 5 , will give the same sign to a corresponding thing, and will omit 
explanation. 

[0069] On the glass substrate 20, the InGaN layer from which three presentations differ as a color 
conversion layer 40 is formed, and it uses as blue, green, and a red color conversion layer (40B, 40G, 
40R), respectively. Although especially a blue color conversion layer is not needed in order that a GaN 
semi-conductor may show blue photoluminescence as mentioned above, InGaN is adopted as a color 
conversion layer and the case where it considers as the presentation of for example, InO.08GaO.92N is 
explained to an example as blue color conversion layer 40B here. Color conversion layer 40G [ green ] 
are the presentation of for example, In0.43Ga0.57N, and red color conversion layer 40R has the 
presentation of for example, InO.87GaO.13N. In addition, in this operation gestalt, GaN and InGaN are 
actually expressed with "Inx Gay aluminum 1-x-yN" (0<=x<=l, 0<=y<=l, 0 <=x+y<=l). 
[0070] On these color conversion layers 40, the n mold GaN layer 32 which makes the active layer of 
TFT and the cathode of organic electrolxmiinescence serve a double purpose is formed, and the organic 
layer 24 is formed on it. When perfonning color conversion like this operation gestalt 3, it is necessary 
to use the ingredient with which the light of short wavelength is obtained as an organic layer 24. 
Therefore, the ingredient in which the fluorescence of blue or wavelength shorter than it is shown is 
used for an organic luminous layer. Moreover, the anode plate 30 using the big ingredient of a work 
fimction is formed in the predetermined field on an organic layer 24. In addition, although drawing 6 
shows the example in which the anode plate 30 isolated for every pixel was formed, since the inrush 
current to an organic electroluminescence layer is controlled by gate voltage of TFT when driving each 
organic EL device using TFT, the anode plate 30 does not necessarily need to be separated. 
[0071] In the above configurations, if a forward direct-cxirrent constant voltage is impressed to the 
wiring layer 34 of an organic EL device in negative and an anode plate 30 and the electrical potential 
difference for negative control is fiirther impressed to the gate electrode 36 of TFT, it will be changed 
into blue, green, and red, respectively in the color conversion layer 40 (40B, 40G, 40R) to which the 
light which emitted light by the organic layer corresponds, and will be injected outside. If TFT chosen 
according to the image to display is controlled, a corresponding component emits light and the fiiU color 
display which can display a desired image can be realized. 

[0072] In addition, alfliough cathode 32 is formed on it in dravsdng 6 and the above explanation after 
forming the color conversion layer 40 for every color, the configuration which imified each color 
conversion layer 40 and cathode 32 may be used. In this case, according to the color which should dope 
an impurity, and should use as n mold, and should be changed into InGaN, the presentation of InGaN is 
adjusted, membranes are formed, and the cathode of color conversion layer combination is formed. And 
what is necessary is just to consider as a component configuration as shown, for example in drawing 5 
about the component corresponding to each color. 

[0073] The display which enabled multicolor luminescence by changing into the light of wavelength 
which is different in a part of light from a luminous layer in an organic EL device is proposed 
conventionally (JP,10-177895,A, JP,9-208944,A). Although these techniques had the description which 
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was [ attain / multicolor luminescence ] excellent in low cost, without using two or more luminous 
layers, there were the following problems, (i) With the conventional technique, the color conversion 
layer is formed with the binder which consists of a fluorochrome or a fluorescent pigment, resin, etc. In 
this color conversion layer, if aging of fluorescence quantum efiBciency is large and carries out a long 
duration activity, fluorescence intensity will fall and the Ixmiinescent color will also change, (ii) 
Although a color conversion layer is usually formed and the ITO film and an organic 
electroluminescence layer are formed after that, a color conversion layer deteriorates in the process, and 
fluorescence effectiveness tends to fall. 

[0074] However, in the organic EL device of this operation gestalt 3, InGaN is used as a color 
conversion layer of an organic EL device like drawing 6 . InGaN is the semi-conductor used also as a 
luminous layer of light emitting diode (LED), and even if luminous efficiency carries out a long duration 
activity highly, there is almost no lowering of a property. Moreover, while various lunfiinescent color is 
reaUzable by controlhng a presentation and also micro processing becomes producible [ an easy and 
high definition multicolor light emitting device ], since it is a stable ingredient, there is also no property 
lowering in an after process. Moreover, since it is common in the cathode material, it can use as some 
cathode substantially, and a color conversion layer can be formed directly under a limiinous layer 
(electronic transporting bed) by this, and Ixraiinescence by the luminous layer can be changed efficiently. 
Conventionally, it was formed on the substrate at a color conversion layer-protective layer-anode plate 
(ITO film)-electron hole transporting bed-luminous layer (electronic transporting bed) and order, and 
since the structure where many layers enter between a color conversion layer and a luminous layer was 
taken, luminescence by the luminous layer was not able to distribute and color conversion was not able 
to be carried out efficiently. On the other hand, with this operation gestalt 3, the InGaN color conversion 
layer is used as mentioned above, and as compared with the former, color conversion efficiency 
improves 20%, and it becomes possible to offer the multicolor light emitting device of a well head and 
low cost. 
[0075] 

[Example 3] Below, one examples, such as manufacture conditions of the organic EL device concerning 
this operation gestalt 3 as shown in drawing 6 , are explained with reference to drawing 7 . 
[0076] First, sequential formation of the insulating layer 50 which consists of silicon oxide (Si02) of 1 
micrometer of thickness by the spatter all over the top on a glass substrate 20, and the 1st sacrifice layer 
52 which consists of titanium (Ti) of 0.1 micrometers of thickness was carried out. Then, the photoresist 
was uniformly applied on these and the photoUthography removed the photoresist of the part 
corresponding to a color conversion layer (refer to drawing 7 (a)). 

[0077] Next, the lower layer 1st sacrifice layer 52 and the insulating layer 50 were etched like drawing 7 
(b) by having used the photoresist which remained as the mask, and the photoresist was removed after 
that. 

[0078] Then, it is N2, holding temperature at 300 degrees C by the MOCVD method. Or H2 A part for 
201./, NH3 It is 101. apart for /and TMG 1.53x10-4 4.0x10 -seven-mol a part for /and amono silane for 
0.02x10 -four-mol a part for /and DEZ by part for 5.0x10 -nine-mol/[ a part for mol/, and TMI ] It 
suppUed for 20 minutes and InGaN54 which added Zn and Si which consist of InO.08GaO.92N of about 
1 micrometer of thickness was formed. 

[0079] then, if etching removes the 1st sacrifice layer 52, InGaN54 formed on the 1st sacrifice layer 52 
will remove simultaneously ~ having — the field of blue luminescence, i.e., blue color conversion layer 
40B, — formation profit **** (refer to drawing 7 (d)). 

[0080] As shown in drawing 7 (d), all over the sample top, by the spatter, the 2nd sacrifice layer 56 
which consists of titanium (Ti) of 0.1 micrometers of thickness was formed, and patterning was 
performed, and it is shown in drawing 7 (e) — as — MOCVD — by law, holding temperature at 300 
degrees C N2 Or H2 201. a part for /and NH3 A part for 101./, It is [ TMG ] 4.0x10 -seven-mol a part 
for /and a mono silane about 0.6x10 -four-mol a part for /and DEZ in 0.75x10 -four-mol a part for /and 
TMI 5.0x10-9 By part for mol/ It supplied for 20 minutes and InGaN58 which added Zn and Si which 
consist of In0.43Ga0.57N of about 1 micrometer of thickness was formed. When etching removed the 
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2nd sacrifice layer 56, InGaNSS formed on the 2nd sacrifice layer 56 was removed simultaneously, and 
the field of green luminescence, color conversion layer 40G [ i.e., / green ], was formed. 
[0081] Next, it is forming the color conversion layer which added Zn and Si which consist TMG by part 
for 0.15x10 -four-mol/, and consist TMI of InO.87GaO.13N of about 1 micrometer of thickness in the 
process same as the conditions others' being the same, by part for 1.0x10 -four-mol/, and color 
conversion layer 40R of the field of red luminescence, i.e., red, was formed. 

[0082] Moreover, aluminxmi was vapor-deposited 1 micrometer of thickness with the vacuxmi deposition 
method, and the wiring layer 34 was formed in the end face of the upper part of the color conversion 
layer 40 by patterning and wet etching by photoUthography. 

[0083] Then, the n mold GaN32 used as the semi-conductor layer of cathode-cum-TFT of organic 
electroluminescence was formed on each color conversion layer 40, the insulating layer 38 which 
consists of Si02 which formed membranes by sputtering was formed, and the TFT part was insulated. 
[0084] Furthermore, on these, with vacuimi deposition, membranes were formed in the firont face of a 
sample and the electron hole transporting bed TPTE vapor-deposited fiirther zinc chelate complex EMI 
which serves as a blue luminous layer as an organic layer 24 in the front face of a sample. Then, Au was 
formed in the upper part of a light-emitting part through the mechanical mask as an anode plate, and the 
organic EL device of multicolor was produced. 

[0085] When a direct current was passed for this component and the luminescence property was 
measiired for it, the peak wavelength of the spectrum of the light obtained through each color conversion 
layer was 460nm, 530nm, and 660nm, respectively, and while the luminescent color of the blue which is 
the three primary colors of light, green, and red was shown, the component in which the half-value 
width of an emission spectrum is small, and color purity was excellent was obtained. 
[0086] 

[Effect of the Invention] As explained above, in this invention, as cathode of an organic EL device, a 
band gap is greatly transparent in a light field, and uses the semiconductor material of small n mold of a 
work fimction. Therefore, since a component with high luminescence brightness is efficiently obtained 
by the low battery in an electron and an electron hole since it can pour into an organic layer, and a stable 
ingredient can be chemically used as an electrode material, the component which the endiu^ce of a 
component increased and was excellent in practicabiUty can be obtained. 

[0087] Moreover, if the cathode of an organic EL device is used as an active layer of this transistor when 
it builds in a thin film transistor in a component, luminescence control of each organic EL device can be 
performed correctly and efficiently. 

[0088] Furthermore, while being able to obtain a stable color conversion layer chemically by 
communalizing as an ingredient of a color conversion layer with the semiconductor material which 
constitutes the cathode (it contains also in active layer combination of a thin film transistor) of an 
organic EL device, it also becomes it is possible and possible [ carrying out color conversion of the light 
which emitted light by the organic layer efficiently ] to form this color conversion layer immediately 
near the organic layer. 
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♦NOTICES* 

JPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the organic EL device concerning the operation 
gestalt 1 of this mvention. 

[Drawing 2] It is drawing showing the energy level according to individual of each ingredient used for 
the organic EL device of the operation gestalt 1 . 

[Dravsdng 3] It is drawing showing the energy level at the time of carrying out the laminating of each 
ingredient of drawing 2 . 

[Drawing 4] It is drawing showing the luminescence property of the organic EL device of an example 1 
and the examples 1 and 2 of a comparison. 

[Drawing 5] It is drawing showing the configuration of the organic EL device concerning the operation 
gestalt 2 of this invention. 

[Drawing 6] It is drawing showing the configuration of the organic EL device concerning the operation 
gestalt 3 of this invention. 

[Drawing 7] It is drawing explaining an example of the production process of the organic EL device 
concerning the operation gestalt 3. 

[Drawing 8] It is drawing showing the configuration of the conventional organic EL device. 
[Drawing 9] It is drawing showing the energy level according to individual of each ingredient used for 
the conventional organic EL device. 

[Drawing 10] It is drawing showing the energy level at the time of carrying out the laminating of each 
ingredient of drawing 9 . 
[Description of Notations] 

20 A transparence substrate, 22 insulating layer, 40, 40B and 40G, a 40R color conversion layer, the 52 
1st sacrifice layer, 54, a 58 InGaN layer, the 56 2nd sacrifice layer. Cathode, 24 An organic layer, 26 An 
organic luminous layer, 28 An organic electron hole transporting bed, 30 An anode plate, 32 Cathode 
(TFT active layer combination cathode), 34 A wiring layer, 36 38 A gate electrode (shot key gate 
electrode), 50 

[Translation done.] 
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DRAWINGS 
[Drawing 1] 
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1 9 4 3 9 3^i^^, Appl.Phys. Lett. 51, 913(1987)) 

nfclUji (USP No. 5. 085947. 2 5 0 9 5 2 

^i^ffl, Appl.Phys. Lett. 55. P1489(1989)) *^fe-5o S 

10 3mmm(Dmti.xii.. f^mtmmt(omic]Eim 
mmt^ytmtmT-mmmtij^m^-stifcm^ (Appi.p 

hys. Lett. 57. 531(1990)) Sfc, SlC^T 

<DtSSiJ^^^c-a-fc^;Sfl5ji (Nature. 347. 539(1990), Ap 
pi .Phys. Lett .61 .761(1992)) i>fSj^=f'->Pm^J^Xm^ 

Sixxi^^o 

[0 0 0 5] lasti, -mmc^?>nrz^mE Lm^<D 

X^H(3DSH^»« 1 0±{c|3tt e.nfc^S 1 2 1 

8 tnmK. mmit^^mxh?>^^ i e tiEjifijii 
20 mi 4ti3'^mm^tirc2mmm^m^x\.^?>o c<om^ 

[0 0 0 6] ;inP.WaE L^?f£:*5lt-55g^;=<A-X 

^nfc^^fc*^ iE?L«t3yil 4SSVHiS?tt3SS« 
-fTLXn^l 6fciiML, ^CT-f|)iS^-rsc:i:lcJ: 
oTlSgJtSi 6*^#fi)t-r5*«fk:-&taoi!ieR^^ftt) 

CO 0 0 7] ^^mmunt.Lxmi>p>n:s>mm<t^m 
30 imi^myt\t^^^-rmnx&^o ±sd.JEKmmmi 4, 

fgTt/si 6, mTm'Mmic^mmmrj:itimti.xii. c 

[0 0 0 8] ^ci:^tf, JEim'Mm<DUntLXii. ^ 
Sifi^3iBiTS>*^$H^*nTV>So fgj^ei 60««i: 

(4tBg^ 5 9- 1 9 4 3 9 3^i^^, WmSB 6 3 
-29 569 5^i^«) -^^ y^^U;l/T5>R»i*, X 
^ U ^l/'O-f^'W^f* (#P^W 2-209988 -^i^ 
a) *<ffl^^nTI.>S<, $rc, LT 
40 «, :^=^-*)-i^TV-JVmmi^m (Appl.Phys. Lett. 63. 20 

32(1993)) tim^^nx\^^?>o 

[0 0 0 9] Mtc, cne>fg»?«<D{k^1^tf*^»3T-« 

jHU (P-7x-^>tr^P» (Nature, 34 

7,539(1990)) fi, ^S«5jgOfg?-rfeS5f*!|^1t*M# 

[0 0 10] -75r, cnp>mmBictsimBi<m^. jeh 

^mx-r^tzibommtLxii. mmi sumnimm^ 

50 i:-r«^!!)<ffli/^P>ti, Hlfiii 2fcaSBa«8ii:LT- 
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fiSM* I TO (Indium Tin Oxide) A^fflV'SnTV-So 

[ooii]^-LT. cn^<Dttn^mmLrcmmEL 

Co 0 1 2] 

^?Oiit^M4*^S L V > c i: S „ 
[0 0 13] cnST% 

!a*^ffl-r5Ci:tc<3;D^ ^omwicasci 0 0 0 c d/ 10 
[0 0 14] ^^o^^^sri^^-rss^^giacD— O 

[0 0 15] m^icmmE LmT-^m^t^^mffjtiU 
[0 0 16] -assqtc, Bufe<o*ii«^s4t^^s<m 30 

«:«^^*fflv^. ll@^c«^±»M»0::*:^%«!|s^;Srffl^,^S 

[0 0 17] ccT% *iiEL«?T«. mm. mmo 

^^^JSfCtiL i . Na. Mg, Ca*£DT;U*y^ 40 

[0 0 18] ^mun m^iixm) t.i.x. ^-^r^ 

>K«rfflVSCtA<USP N0.5349209lcBB^«nTV^So 50 
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[0 0 19] $rc. itfUS^l-S 1 28 7 4^^^. If 

P^¥2 - 1 9 6 4 7 5^i;^^lC. '>^< 

^^M^^xl^rcm•b^^m^■snx\,^^o Lt^L. ens 

[0 0 2 0] Src, C:tie.*«E L^^^&fflU^/'ciafi!!© 
^» (TFT) *fflV>fcflMi!jWftffi®ai:^fefkA'i£f.^T* 

Ti/^'So 

[0 0 2 1] *^H^a, iin&(DWISE L*?tc*5lj-S 
P.gS^S?i*L., CCDW^E L^^*fflV>fcS^S 

[0 0 2 2] 

[0 0 2 3] SI*. cKDfgH^ti, Rlfis*>J;Dm<li:. C 

mcoA^i-^mximmmmtmi^ibtixi^^^ -ys. 

[0 0 2 4] ^mytmi^xmmrjinm^mmi. mmm 

nTv>fc7';i'A u ^m'PTfV:^ V ±m^mmctt^xit 
^mc^mx'&^fctb. mmcom-^^. mitmic^^m 

[0 0 2 5] *rc, mmi,c±m(o^v^ji^mfi^^mi-rc 

<r>m^X'mmicm\'^^nxi^^ i To<t»3fef±iiJiHiS(o 

:*Cfr*^®fi. glJAtf N i , Pd. I r. Pt. Au^ 

x3b*}. itmmc^&tsimni)'^»<. 
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[0 0 2 6] Mt;:. *ifil^o*Mmwi85t«?tc*3W^ 

[0 0 2 7] $fc. *|gB^OfteOD#jSti. ±f2^»f*t* 
3|S4A% A> K4^-^ y-/t>'^3. 0 e V Ji<±-e, S^^^lftl;^ 

[0 0 2 8] c<0J;3t, f!4«ii:LTfflv>e.n«^|isi{* 20 

[0 0 2 9] C<Offi^it^^»(*«*^i:L.T(i. m?Li£. G 
aN?^. A 1 Nl^, Zn03S, Z n S^mtOit^m^^m 

wmi}'^^m^mx'&^ti\ mc. g a Ni^ft:^ii%iii^«i* 

[0 0 3 0] *%B^<Dfti©1tta{±, ±)S©*^®l?fS)t 40 

[0 0 3 1] ^^^stcgitnji^tyaign^cojiffijh^vi^' 
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^mmm^^im=?-\^m.tmm.if^'p^ji < o r l * 3 , 

[0 0 3 2] 2fi:%W©SlCSiJ©1t@tt, ±3^0*«mW 

[0 0 3 3] tj!e*<DJ;3{i:fe^^i:LT. i^T^fe^fe 
5 i: it^SSa AHgT L^T^fe ^fc o T L $ 3 i: I > 5 

A^G aN^¥»<*T-*?.^^li:. fe^^i:LT. CT;?. 
I n G a N3S^«tt:*^SfflBltgT'^«o CO J: 7 & W 

[0 0 3 4] 

[0 0 3 5] mmmm i ] 0 h±, ^^siisajgffi 1 ic% 

li. Kfii2 2 i:liei3 0<Drafc»{SnTl.>S««i^2 4 

3S<o/h$v>^fii2 2i:ft»M35tO:*:tmiS3 o^fflv> 
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[0 0 3 6] :^mmmm\(o^diiv^mz 2icmm-c^ 

S^jgltfi: LT{±, G a Nmit-t^^m». A \ NJkit 

[0 0 3 7] ccx\ ^mzzicmmt^mtmz 4 
a55¥«»i:^ #a^2 4£os?i^i«I:;3^DllJbvJ^^v^c 

LT^fb^'U-^A (G a N) ( I n. G 

a, A 1 N : O^x^ K O^y^K O^x + y 
^ 1 ) AWST-feSo COG a N?^{t^*5l^«»(i. hb 

CKDG a liikit-^m^mvs^it. m&imn&miim^^n 

XfsK). CcO^A^Sfe, *«EL|g?©lilffi2 2i:LT 

[0 0 3 8] ^2 2lC±ieO<t;-5%¥?l«:*fflV>«:fl| 30 

1^113 Olc{±f±llJ|igSO:;«c$%^S^ffli/^Sili;A< 
T'^Sc t»e3l50^?m<i{i:fflV^c,nTV>S I TO.fcO 
tf±»llligt*^;*;SV^^Sf±, Ni. Pd. Ir, Pt, 

fi:?E5<-rsC tA^BlfigT'$)«o fib. l^<S3 0i:LTI 
[0 0 3 9] $/-c. *llfifi®ffiHC«5W«SE L^? 

ffijAtf. ^mzzicG anik^m^^m\^\ bus 301c 

Au. 58^S2 6i:LT7';US4^y'jy-;l'«H«cA 1 q 
3 . IE?LfS)3l^2 8i:LT»'U7i^;l'7'5>EgS(*T 
PT E*fflV^fcig-&»C33l/'«T. 02{±S®*^BIlfi:LTV> 

3 liC^-t^ 50 
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[0 0 4 0] ^irmz\rL^-r^o\c. GaNOia^i^fQ 

u<Dtt«MS(«5. 1 e VT'feSo t!f3l50^?tCfflU>6 
n5mffilClt'<T^1i2 2<Dtt»ll^*VJ>$<. ^<S3 

0Of±3lBBS*^:*:^<.>rc46. 09 ^133 i:£Olt®*^C)a 

tfc*'oT. Pg«i3 0f:^8i2 2Wfc{ft«E*9i*P-rs 
[0 0 4 1] 

mmm \ ] wTtc, 0 1 icmt:^mmmm 1 tc«s* 

^E L«?£OSijS*ft^<O-*fiE01J*5^-r<. 
[0 0 4 2] (1) G a NfiKM 

G a Ntt. mm^mmS^mm (JWT TMO V P E : Me 
tal Organic Vapor Phase EpitaxyJ tlH'^") tilckS^ 

(NH3) . ^^^JTil:^ (Hi) . hU 

(Ga (CH3) ,) (WT TTMGJ i:I3-r) . h 'J ;^ 
^;b7;l/Sx'^A (A 1 (CH3) :.) (J-MT Ttmaj 
fcie-T) , h'Jp«^;l/-Y>v?'>i» (I n (CH3) 3) 

aXT TTMIJ i:tg-r) . i'vV (S i HO . i^'x 
^^l-ffiSB (Zn (CtHs ) 0 (t^T. TDEZJ tm 
■T) . i^^a^>^i;'x-;bx'y^'>'>A (Mg (Cs 
Hs) 2) (J^4T rcP2MgJ tm-t) . T}Vi^> (A 
SH3) Z5:t;i/*^^;l/ffi«i (tiT tdmzj i:fa-r) X 

CO 0 4 3] W1Sli5E#&tffKi5!iStc cfc t)S«2 0 

^^mtl.X'^yT^Tm^2 O^MO V P E^MtOS 

e>S]ei 1 0 orT'y-:7r^zSffi2 o^^-^^v^L 

fco SJS^l 1 5 0*'CtC«Jtt. Hz ^SrZOU^y 

h)V/^. NHa ^1 OU^y h;b/:». TMG^l. 7 
X 1 0"''^;U/5i'. Hz ;^*XtCj:DO. SepprntC^ 

3fiR^nrciy'^>^2 0X10' '^jv/^vmxi.. m 

mmz. 0 /im. ->Ur3> (S i ) F-:;^OnSGaN 

[0 0 4 4] i2) ^mELM. mmmo^ 

±ie075rffiT{tS!L/cllS (GaN) 2 2<D±\Z. mm 

M^mm2x 1 Q-' To r r. Mmmm^ms 0 A/^(D 

^{tT^7;l/^4^y Uy-;um (A 1 q3 ) ;&*56 0 0 

ytm2 6tm^i^vhvyjL^j\yT^>^mi^ (tpt 
E) ^s^eooAjBfiKu cn^mmiE^mmm2st 
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[0 0 4 5] I^<?i3 0«, X 1 o 'To r r. 

mmmmm i s o a/^t-a u i o o o Afsm-rz 

[0 0 4 6] fei±©J:3»CLTt#c,n«*S!EL^?© 
Hl^/c0<O;*:#^{i3mmX SmmTfeD, 2 5mm 
X 3 5mm03ffiffi2 0±tC 6 fflftiaL/io 

[0 0 4 7] JttSeil 1 t LT. *f5X««±»Cil}JliSv 

^7-;t^hD VX^^y:JfjiT' I TO^ 1 5 0 0 AfiSclKLTll 

[0 0 4 8] itmm2t LT. ;y5XSffi±lCi^;i}Kx' 
^^^ha:xx>'^<v^'i4T' I TO^ 1 5 0 0 AfigHUTll 

f8^B%> 6 0 0 A-:5-omm\^rc<k. L i F^5A 

mmu ^<D±izA 1 mm^ 1 5 o o a«smsl> tb 

[0 0 4 9] (3) 

tm-v^^o 0. ^si0ij 1 •??f±^««ji*^i^ffi3 0 
r'& K> mm-t^mmm t v> 3 mtmmm t s <d 

1 . 2 O^ti E L *?Tl±ifeSmA^^<S 2 

[0 0 5 0] 0 4t±, Slfifi0!IUCfi^S*«E L^^i:, 
Jt«l[«flJ 1 2 E L ^TFOfg^lf LTV^ 

tifgW^SiJ^U/i^JtSSft-efeSo ItK^IJ 1 (DM g A g 

-I T0?^O^?T-{±. %^P^te«l±*^*tl 2 . OV. \t 
«fiRj2cOL i F/A 1 - I T0I^O^?T'«, !^>tFJ<l& 

TVTfeSo cne.icWL. 2t:fgB^jc0ss 

^fiseij 1 ©G a N-A u^<r>mm^m\^^rzm^X'{t. is 

JtP^{iaSffi*^ilt) 1 . 2 V $T';«ci|itfgTb. fg^tJcb^A^ 

[005 1] 2 ] 3|s:S|fiSJB« 2 Km^mWi E 

L ±f25lfigJ^fi 1 CD J; 3 {cPSfii i: L T n 

({flJ;^tfGaNlS) ^fflV^^cW^E L*?*^ S 

(TFT) %F^gSLTI/>So 

[0 0 5 2] 05{±, coy^oii^^mmmzicm^^ 

[0 0 5 3] L^?CDPSfiB3 2 i: LTfflV-'S n ^ 

TTFT*fi5fiK-rSiIi:A^T'#. C(DmTFT*rtSc 
[00 5 4] alsllffiJBffi 2 lc*5V>T, 7"!' 
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7^<DaBgs«2 o±ic}gfi£^ns*^E LgBfi, ±m 
<r>mmBm\ tmmz^ [g«i3 2i:uTG a nucd^sp 

^*:*^^^A^fflv>c,4a^ ccD^1S3 2i:. ttfllll8S(£D:*:#* 

[0 0 5 5] »^^CDTFTg|5{±. mMM (TFTtfeil)® 
jg^^n/cy-hS<i3 6. Rt;tltli/1 (ISfii3 2) i: 

10 c cf, ^mms 4 ij:fflv>e.ns^s**m. A 1 

tliSMT'feSnSG aN (I^S3 2) tO^f-- -y i'tt 

fiXMbfcGaN® (IS1S3 2) (D±lC{i. {±»MIS(D:«; 
^%Au. N i l?OPM*^Jgfig^n. cn^'^T F Tgl5(D 

3 >y h hms 3 6 ^r^-to mmm 2 4 icj^n 

iitymSitti, ii(D->3 y— hm«i3 6tc9]iP2 

nsraEE(c<tt>TSijffli*n«o sfca^^&jfiigiss sic 

2 4 *^}gfiK$nTt5 0 . ^<D±tC^Si 3 0 

20 snrv'-So 

[0 0 5 6] W^E L^^lCfeV^T. CtXtT-Ct, T 
F TtcJ;ST-i'7=-i':r-x'M;<y^XlBl!)*tf3x'«'Xy 
l^'f *^a^5nTV>5 (itfM¥ 1 0-1 89 2 5 2^^ 
0- 1 6 1 5 6 3^;^^) o Ctie.<DStl5 

[0 0 5 7]Ep-5. cnP.(Dtjte*J^*RtC*5V^T(i, TF 
TtDggiftJl^UT^ 7*;l/7TXtt^«</Mi^^S4^(D 

t^f- v^^itv- Ms<s-y- b^fk^-v"; a> 

(D3M^jiOI/->t)t4>5M0 S (Metal-Oxide-Semlconduc 
tor) «|jt%i:oTl/->5„ (i)CflDJ:^%^^ffligT{±» 

tt, y-h^fbM<D/P*KJ;i9«Ftt*^;*;#<^^Stt 

^^J; OHflS <fejt*-t^«rci6li:«J; •? ^ < (DmSii^Sit 

40 om?i^i!i»±-l±v>-lfv>i!n 0 cm' /V/sig^ii/h* 

V^o C(Drzti>m9^&tTiti^:Kt<. SfcW^E Lg<D(^<S 

fesi/Hi^eii:, T F T ttimti^umx'B^^tiTi^ 

/Co (i i 0 ^ ^ ~> V 3 Vti/^^V -y 
I. 2 e Vi:/jN^V^/-ci6. !gatJ;;5.T F TtDltttSft; 

[0 0 5 8] cnicjtfu ^mmmm2<D^oicmwtE 

Lm^(D^m (GaN) *TF TO^^tC^fflLfcT 
50 FTrtaS<D*«iEL^^^t±, TFT<Dy-hSPiJ-3b<y 
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— hmfiB-G a N®cD2H^0^^A^P,:Q:?.V>^:)l$'5ME S 
(HEtal-Semiconductor) <l?iiT'fefJ. fBiM^&KJlT'a 

tfcG a NOm^^SdStt. #iK^BT'8 0 0 cm' /V 

0 0cm' /wystA±t^m^(0'>V=i>j^t)i,±^ 
<. $/-c^8i3 2i:. T F TOftfeMfc^lHlUG a 

WilE L^?(0ii5i^g{l:A^igc,n§o CaN 
[0 0 5 9] S/c. C(Olt:S:G a N-T F T^fflV>f=^ 

StlTV^So 

[0 0 6 0] 20 
■To 

[0 0 6 2] :kic, MWSlA^S 0 OXlcU^L. Hz 
^2 0Vy h;Uy^, N H:. ^ 1 0 U -y h^b/^J-. T M 
G*l. 7 >i I O '^/l/^. Hz ;9":^»c<}:t)0. 8 6 30 
p pmiC^m-^nrz>"^>^2 ox l Ct/l'/^i-T?! 
AL.. mm^Z. O/im, ->U3> (S i) K-ycO^ 
ifSs^nSJG aN^JgfiJcb. C nic j; OW*SE Lgpo^<i 
3 2«:{tSiL/co CO^fiiS 2*UT^'7^-<:r't';i->X 

[0 0 6 3] Mtils Cn6g2^3 4, ^fis (G a N) 
3 2Rtfy-h«8S3 6 5&ll-5<J;-5tC, X/^;'^^Ui''y 40 

[00 6 4] ;^tc. tc J: 0 mmmASfi 3 o a 

m^wv TPTE*iKi6ooA}Bfi)cL, mmiERMmm 
^v^tco istsfc. is^sotLT. mmm&mi soa 

/i^XAu^mi 0 0 0 AjgficL/co 
[0 0 6 5] fet±<D* ate UTt#6nfc*«EL|g?fl3 50 
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ea^3 4 icm. Ri<i3 otciEoiasii^^ff^enipb. 

^etcT F Tcoy-hfieiS 6tcft£D$iJSIffl«jE^BliP 
[0 06 6] [^fiSJK^ 3 ] 3 IC^S W« E 

2 tC^oV^TW^E Lm=f-<Df^mt UTffll/->TV^-5 G a N 

[0 0 6 7] G a N3S{t;^%l#»t^li, >'';>K^+-yy 

i: J: o TSiggiiJlc h ^-its c i: A^T-^ So CTx. 
If, I no.«3G ao.s7NlC^*$!Ka^LTZn, Si^K 
-:/bfci^{*, Jgfe<D7* h;i/~^-y-b>x*g^-ro S 
fc. I no.sTG ao..3Nte^S96^i:LTZn, Si^K 

[0 0 6 8] 06 **lffiJK^3li:^S^«lE Lfg? 

fe^^^^tttf. 0 5lC.T^-rTFTrt«S^ 

SfeOfCttll|-^^*<ltLTUiB«**PlS-rSo 
[0 0 6 9] **^xaffi2 0±(C{i. fe^^4 0 i:U 
T> 3-z>CDmm.com^^ I n G a N^*^}^fi!c^nTtJ 

•3. *ti^n«, *fe<Dfe^gyi (4ob. 40 

G, 4 OR) irUTfflV^So ±KEtDJ;3tGaN^»i* 

T I n G a N^Um WfeOfe^J^y® 4 0 B fc UT. 
PJxtf, I no.o.G ao.»zN(DfflfiSttUfc^-a-^WIfcitt 
So SSfe®fe^^4 0 G«. fflJ^ff I no.o G a 
O.S.N OfflfiK-pfe t) , * fc^feOfeS^ 4 0 R filj 
I no .a» G ao . 13 NOiB^^^-rSo ^t3, *||iS 
}g®tt5I.^T> G a Nt5j;t/ I n G a Nti. II^(C{4 
rin. Ga, All-.-, NJ (O^x^U O^y^ 
K 0<x + y<l) T-^t)^nSt.OT'feSo 

[0 0 7 0] cneo3fe^^4 oo±ctt, tfto 

flglftSStfW^E LOI§fig«-«ffl-rS nSGaN^32 

Tt^So *llfiSJB«3coJ;3^cfe^g^^^T3i^-&. w*a 
S2 4 i: Lra. ^iKSO)^*n»ens«if4*ffiv^Si2s 

^•3t^V^ffiSc0^3^^^-r«i|s4«)H.>S, $fc. w«s 

^2 4±<Dm^otsigeica. ti:mm^<Diz^^un^m 

V>fcBISl3 0*^)BfiK*tiTV>So H6-??«. 

mmicmmtntcmms o^m^Lrcm^TnLxi,^^ 

■hK TFT«:ffl^/^TSW^SEL^?«|gffi)■rS^^^C 

mmEL m^(D^xmmii t f t ©y- h ®bet?*ij 
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[00 7 1] i:i±(D^5rj:^mcis\.^r. wtSEL^^ 

0 (4 OB. 4 0G. 4 OR) TWfe, igfe, a^SC-?" 

CO 0 7 2] :S:*5. 0 6Rr>'J.;i±<DittB^T'{±, ^^feJ^t 

«fi!tT-t ,J:V>o CO^m-^. I n G a NtC^M^PSl^ H-^ 
LTnlJhL, S/cStft-r^^felCjSUT I n G aN© 

[0 0 7 3] WtiE L«^^^c^5^,^T%^t^A>e>OJt<D- 
0-1 7 7 89 5 #1^^$S. 9-208944 

[0 0 7 4] u*>b, ^^mmmmsomi^ELm^v 

tf I nG aN^fflV^TV^-So I n G a N {i%)t^S^f'5^- 
F (LED) <Df8^^i:L■rtfflV^e,nTV>«¥^ii* 

( I T oM) -lEn^imm-^ytm (.n^f^mmm) 
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*IIJSJBSl3T-{i> W±©<t3lc I n G a Nfeg^^r 
ffll/^TtsO. ee3l5i:J±®LTfe^^?(!j^A^2 0%lRl± 

[0 0 7 5] 

mmmsi wTt. 06tc5^-rj:-5**^fiSJB^3ic 
Lxmm-r^o 

[0 0 7 6] *-r, *r5XSS2 0±O±^ffilCX>'1y 
10 ^fjttilJtOMPl /im®^<t'>'J='> (S 1 Oa ) 

ti^t&mmso. mmo. i /imiD^^y (t i ) 

JftSmi^ffiSS 2^|IIIi^JBfi!cL/-Co ^OJg, iine.cD 

±i,cy:i-hi^i^7.h^-micmfn\^x^ y^hV^Jir^ 

^£Lfc (07 (a) #Bg) , 
[0 0 7 7] ^^tc, mi (b) (DJ;3te, So/c7* h 
Ui?Xh*vXi'i:UTT®'^)Sl«S!BW5 2. i^lg^ 

20 [0 0 7 8] ifigfT, MOCVDjStCj;*), }Sa*3 0 

NH:. ^1 OU-y TMG^&l. 5 3X1 

0"' ^-^Iz/^J", TMI«:0. 0 2 X 1 0"'e;b/'ii-, 

DEZ*4. OX 1 o '^yiz/iJ-. ^rys'^v^s. o 
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